. Midupper arm circumference was measured once using an arm pendant. triceps skinfold thickness was based on the average of two measurements. Fat-free mass was determined by bioelectrical impedance analysis (BiA) using a Bodystat 500 (Bodystat Ltd, Douglas, uk) and the Deurenberg et al equation (16) . Fat-free mass was normalized for height by dividing by height (m 2 ) to give FFMi (kg/m 2 ) (17) . A standard statistical approach was used to define low muscle mass (participants below the first quartile of the distribution of MAMc or FFMi) since no consensus definition of sarcopenia has yet been adopted (7) . However, MAMc correlates strongly with more accurate dual-energy X-ray absorptiometry measures of lean mass (18) . in addition, the european Working Group on sarcopenia has approved BiA measures as a portable alternative to dual-energy X-ray absorptiometry (7) .
Dietary assessment
Dietary intake data were obtained using a food frequency questionnaire; development and validation have been described (19) (20) (21) . Participants reported usual frequency of consumption of 86 food and drink types. nutrient intakes were derived using a validated computer program to calculate total nutrient composition of foods consumed (22) . in addition, participants were asked to indicate how often they consumed fresh fruit and vegetables -rarely/never, monthly, or 1, 2, 3, 4, 5, 6, or 7 days per week. Daily consumption was classified as 7 days per week. the multivariate nutrient density model was used to adjust macronutrients for energy intake; carbohydrates, fats and protein were expressed as percentages of energy (% kcal) and energy intake was added to the logistic regression models for all dietary variables (23) . Plasma vitamin c and e were also measured using high-performance liquid chromatography (22) .
Cardiovascular disease risk factors
cigarette smoking, physical activity, alcohol intake and social class were self-reported via questionnaire and blood lipids and blood pressure were measured at the physical examination as described elsewhere (3, 13, 24) . Men were classified into four smoking groups (never; long-term ex; recent ex; current). current physical activity was classified in six groups based on exercise frequency and intensity (inactive; occasional; light; moderate; moderately vigorous; vigorous). Alcohol intake was classified into five groups based on the number and frequency of beverages consumed (none; occasional; light; moderate; heavy). social class was split into three groups (manual; non-manual; armed forces) based on the longest held occupation using the Registrar General's occupational classification. Forced expiratory volume in 1 second (FeV 1 ) measured lung function and was heightstandardised to the mean height in this study (1.72m ).
the homeostasis model assessment was calculated to estimate insulin resistance (HoMA-iR) (25) . Metabolic syndrome was classified according to the national cholesterol education Program definition (26); ≥3 metabolic risk factors as follows: 1) central obesity: waist circumference >102 cm; 2) Fasting plasma glucose >6.1mmol/L; 3) serum triglyceride >1.7 mmol/L; 4) serum high density lipoprotein (HDL) cholesterol <1.04 mmol/L; and 5) Hypertension: blood pressure >130/85mmHg or using blood pressure medication. Plasma concentrations of c-reactive protein (cRP), tissue plasminogen activator (t-PA) antigen, D-dimer, von Willebrand factor (vWF), fibrinogen, interleukin 6 (iL-6) and homocysteine were measured as described previously (22, 27, 28) .
Morbidity
Participant questionnaires provided self-reported data on doctor diagnosis of heart attack, angina, stroke, diabetes, heart failure and cancer. Prevalent cardiovascular disease (cVD) was defined as heart attack, angina or stroke diagnosis, and prevalent coronary heart disease (cHD) as heart attack or angina diagnosis. Participants were asked to rate their present state of health as excellent, good, fair or poor and if they had any long-standing illness or disability. Mobility limitation was determined by whether participants stated they had difficulty either going up/down stairs or walking for a quarter of a mile on a level surface (17) .
Statistical methods
of the 4252 men attending the physical examination, 4204 had MAMc data and 4114 had FFMi data for analysis. Descriptive characteristics of participants were presented by quartiles of the distribution of MAMc and FFMi. Distributions of cRP, D-dimer, HoMA-iR, homocysteine and iL-6 were highly skewed and log-transformed. tests for trend were performed fitting MAMc/FFMi continuously using regression analyses, adjusting for age and body mass index (BMi) fitted as continuous variables. Additionally, we tested for an interaction between sarcopenia and obesity, each fitted as binary variables, with obesity defined using an established cut-point (≥30 kg/m 2 ) (29) . However no evidence of interaction was found for any risk factors.
Multiple logistic regression was performed to obtain odds ratios for associations between risk factors and low muscle mass (the lowest quartile of MAMc/FFMi). continuous dietary, metabolic and inflammatory risk factors were divided into quartiles and odds ratios for low muscle mass are presented for the highest versus the lowest quartile. Models were adjusted for potential confounders, associated with low muscle mass, in a sequential manor, including age (model 1), BMi and lifestyle characteristics (model 2) and morbidity variables (model 3). in addition, energy intake was included in the models for all dietary variables assessed by the food frequency questionnaire. Age, BMi, FeV 1 and energy intake were fitted as continuous variables. smoking, physical activity, alcohol, social class, cVD, diabetes, cancer and poor/fair health were fitted as categorical variables. statistical analyses were performed using stata 12.0 (stata corp, college station, tX). in the fully adjusted model, physical inactivity and manual work (but not current smoking or heavy drinking) were significantly associated with the odds of low MAMc. Men in the highest quartile (compared to the lowest) of percent energy from protein, vitamin c, plasma vitamin e, and daily fruit consumers, were at significantly decreased odds of low MAMc, adjusting for age. However, after adjusting for BMi, lifestyle and morbidity variables, these associations were markedly attenuated and became nonsignificant. Men with high energy intake and high percentage energy from carbohydrates showed lower odds of low MAMc even after adjustment. By contrast, those with high percentage energy from fat showed higher odds of low MAMc. High HoMA-iR and blood glucose were associated with increased odds of low MAMc after full adjustment. no independent association was seen with other metabolic risk factors. HoMAiR was strongly correlated with obesity (r = 0.45, p<0.001), which explains why the direction of association changed after BMi adjustment. High levels of cRP, vWF and fibrinogen were associated with increased odds of low MAMc after adjustment for BMi, lifestyle and morbidity variables. D-dimer, t-PA, iL-6 and homocysteine were not significantly associated with low MAMc.
in comparison to MAMc analyses, consistent significant associations were also observed between being in the lowest FFMi quartile and physical inactivity, percent energy from carbohydrates, HoMA-iR, cRP, vWF and fibrinogen in the final model (table 3) . in addition, plasma vitamin c, central obesity, high triglycerides, t-PA and the metabolic syndrome were significantly associated with low FFMi.
discussion
We explored associations between clinically available and easily measureable markers of low muscle mass and a range of lifestyle, dietary and cardiovascular risk factors in older men. Based on consistent associations with low MAMc and FFMi, physical inactivity, low percent energy from carbohydrates, insulin resistance, inflammatory markers (cRP, fibrinogen) and endothelial dysfunction (vWF) are associated with low muscle mass, independent of age, obesity, lifestyle and morbidity variables.
Physical inactivity was the strongest lifestyle factor associated with low MAMc and FFMi, consistent with previous literature (1, 8, 30) . this highlights the need for interventions to increase activity in older adults. current smoking was not significantly associated with low muscle mass. this conflicts with earlier studies (1, 30) which may not have fully adjusted for confounding variables, as in our study the effect of smoking on muscle mass disappeared after BMi adjustment. As found previously, heavy alcohol intake was not a risk factor for low muscle mass (1, 30) .
A high percentage energy intake from carbohydrates was associated with decreased odds of low MAMc and FFMi. to our knowledge, this is the first suggestion that high percentage energy intake of this macronutrient may be protective against low muscle mass. our findings are in keeping with the World Health organization dietary recommendations of a low-fat high-carbohydrate diet, with 55-75% energy from carbohydrates (31) . consistent with literature suggesting energy intake is important for the prevention of low muscle mass (10) we found an association between low energy intake and low MAMc, emphasising the need for an adequate calorie intake in older adults. no other dietary variables were significantly associated with low MAMc and FFMi, contrasting with previous studies showing independent relationships with protein, iron and antioxidants (9, 10) . insulin resistance and blood glucose were the only metabolic risk factors associated with low MAMc and FFMi. this supports research showing insulin resistance is inversely associated with low muscle mass, independent of obesity (32) , and may explain why diabetics are prone to sarcopenia (33) . this finding has important implications for management of insulin resistance and diabetes for sarcopenia prevention.
LOW MUSCLE MASS IN OLDER MEN: THE ROLE OF LIFESTYLE, DIET AND CARDIOVASCULAR RISK FACTORS
two inflammatory markers (cRP and fibrinogen) were significantly associated with low MAMc and FFMi. this is consistent with other studies (34, 35) and a review suggesting sarcopenia is a low-level inflammatory state driven by cytokines and oxidative stress (11) . these findings highlight the importance of reducing inflammation in older adults, potentially through lifestyle modifications such as increasing physical activity or an anti-inflammatory diet, especially since inflammatory markers increase with age (22, 36) . Associations between vWF and t-PA with low muscle mass were novel and consistent with a review suggesting that endothelial dysfunction may contribute to sarcopenia development (12) . thus sarcopenia may be a pathway by which endothelial dysfunction may contribute to poorer functional status reported in other studies (37) . the lack of association between D-dimer, iL-6 and homocysteine and low MAMc/FFMi supports evidence showing no consistent association between high iL-6 and sarcopenia (38) , but is contrary to research showing associations between these three biomarkers and sarcopenia (34, 35) . the study's major strength is the use of two clinically available and easily measurable markers of muscle mass to identify lifestyle, dietary and cardiovascular risk factors. Although more precise muscle mass measures (e.g. computerized tomography, magnetic resonance imaging, dualenergy X-ray absorptiometry) were unavailable here, such expensive measures are rarely available in primary care settings and MAMc/FFMi measures represent practical alternatives. using indirect measurements of muscle mass may have attenuated observed associations with risk factors. the lowest quartile of MAMc cut-point (24.95 cm) was comparable to another population-based study, which used a cut-point for the lowest tertile of 21.1 cm for slightly older men, aged >80 years (39) . similarly, the lowest quartile of FFMi cut-point (15.96 kg/m 2 ) was comparable to a study in men and women, where the lowest quartile cut-point was 14.6 kg/m 2 (40) . the european and international Working Groups on sarcopenia have recommended using both low muscle mass and low muscle function (strength or performance) to diagnose sarcopenia (4, 7). However, muscle function measures were unavailable in this study and therefore findings are applicable to low muscle mass, but not necessarily to low muscle strength or performance. this study has some limitations. Firstly, it was crosssectional so causality cannot be established and findings should therefore be interpreted with caution. the assessment of sarcopenia was based on low muscle mass, measured at one time point, since data on loss of muscle mass over time were unavailable. some differences were observed in the associations of risk factors with MAMc and FFMi. this could be explained by the greater inaccuracy of BiA in assessment of FFMi in older people, predominantly due to fat-free mass hydration variability (41, 42) . non-participation bias is possible, as men too unwell to attend the physical examination would have been excluded, potentially eliminating men with extremely low muscle mass and underestimating observed associations. this may explain why some variables previously associated with low muscle mass, e.g. protein intake, were not related in this study. However, the response rate was high and BMi did not differ between respondents and non-respondents (14) , suggesting the extent of this bias is limited. since this study was in older men, predominantly of white european ethnic origin, generalisation of findings to women and nonwhite ethnic groups should be cautious. several exposure variables were based on self-reports, so misclassification was possible. However, previous food frequency questionnaire validation reduces the risk of bias for dietary variables (19) (20) (21) .
Physical inactivity, low percent energy from carbohydrates, high levels of insulin resistance, inflammation (cRP, fibrinogen) and endothelial dysfunction (vWF) are associated with low muscle mass, as measured by MAMc and FFMi, in older men. our findings suggest that increasing physical activity, consuming a diet with a high proportion of energy from carbohydrates, and taking steps to prevent insulin resistance and reduce inflammation and endothelial dysfunction may help to reduce the risk of low muscle mass in older men. However, further longitudinal studies are needed to confirm the causality of these associations. Values presented as mean ± sD unless otherwise stated. BMi, body mass index; cHD, coronary heart disease; cVD, cardiovascular disease; FeV 1 , forced expiratory volume in 1 second; FFMi, fat free mass index.
